Abstract: Analysis of micronuclei (MN) in preimplantation embryos is a good method for the evaluation of cytogenetic damage induced by occupational and environmental mutagen during early pregnancy. To examine whether conventional Giemsa staining produced the same accuracy of micronuclei as the DNA-specific 4', 6'-diamidino-2-phenylindole (DAPI) staining in preimplantation embryo induced by maternal exposure to chlorpyrifos, we conducted assays on 469 mouse (3 groups) preimplantation embryos micronucleus. Slides were stained with DAPI. After DAPI staining, the slides were de-stained and restained with Giemsa. Giemsa staining showed similar frequencies in MN to DNA-specific DAPI staining in all three groups. Both staining techniques revealed significant increases in frequency of MN in the treated group in comparison to the control group. Both methods showed a statistically significant correlation between MN frequency and the dose of chlorpyrifos. Compared with DAPI staining, the sensitivity of Giemsa staining was 85.0%, 86.0% and 90.9% for control, 40 mg/kg, and 80 mg/kg chlorpyrifos treated group, respectively. The specificity was 97.9%, 91.4% and 96.5% for control, 40 mg/kg, and 80 mg/kg chlorpyrifos treated group, respectively. Thus, we recommend that Giemsa staining technique be a standard staining method in detecting MN of preimplantation embryos induced by occupational or environmental hazards.
Numerous studies have demonstrated that the analysis of micronuclei (MN) in preimplantation embryos is a good method for the evaluation of cytogenetic damage induced by mutagen during early pregnancy [1] [2] [3] [4] [5] [6] . Almost all of previous studies on MN frequency of mouse preimplantation embryos have employed Giemsa-based staining techniques. The Giemsa method, however, was believed to lead to an underestimation of MN [7] [8] [9] compared with DNA specific staining 4', 6' -diamidino-2-phenylindole (DAPI). However, there were also some reports indicating that Giemsa staining can overestimate MN compared to DAPI staining because not only MN but also some micronucleus-like inclusions or contaminants were stained dark blue by Giemsa 10, 11) . Overall it seems that Giemsa-based staining was less definitive quantification of MN than DNA specific staining. There is a need to compare the two methods mentioned above.
The purpose of this study was to examine whether conventional Giemsa staining produced the same accuracy of MN as the DNA-specific DAPI staining in preimplantation embryo induced by maternal exposure to chlorpyrifos.
Chlorpyrifos (O,O-diethyl-O-(3,5,6-trichloro-2-pyridyl)-phosphorothioate) is a broad-spectrum organophosphate insecticide used extensively in agricultural and domestic pest control. It was one of the most heavily used organophosphorus insecticides in the U.S., but the use of Chlorpyrifos was restricted by the U.S. Environmental Protection Agency in June 2000 after finding it is an exposure risk especially to children 12) . However, in China, it is still used extensively in agricultural pest control 13) . Chlorpyrifos was used here as an inducer of cytogenetic damage because the cytogenetic damage of chlorpyrifos has been well documented in rodents 1) . In this study, triple doses of Chlorpyrifos were used to assess the dose-effect relationship between the MN frequency and Chlorpyrifos in both staining methods.
Chlorpyrifos (100.0% purity CAS No. 2921-88-2) was purchased from Wako Pure Chemical Industries Ltd. (Japan). 4', 6' -diamidino-2-phenylindole (DAPI H-1200) was obtained from Vetor Laboratories (USA). Giemsa's solution (C.I. No. 45380) was purchased from Merck (Germany). Other chemicals and reagents used were commercially available.
Virgin female mice of the random bred JCL: ICR strain (CLEA JAPAN Co.), 10-14 week old were maintained on a 12-h light-dark cycle at 20-24°C and 50 ± 10% relative humidity. Mice were fed a standard breeding granulated diet and tap water was supplied ad libitum. The females were paired with a male (two to one) overnight, and were examined for the presence of a vaginal plug following morning. The day on which a vaginal plug was observed was considered Day 0 of pregnancy (dg0). The pregnant mice were divided into three groups. To minimize the variation from the sampling errors, nearly 15 dams 150 embryos in each group were counted for MN frequency using both methods. The dams in chlorpyrifos exposure groups were injected i.p. with a single dose of 40 and 80 mg/kg on dg0 conception while the dams in control group received an injection of oil olive. All experiments were performed in compliance with the institutional guidelines of animal experiment.
Preimplantation embryos were processed by the modification of the Tarkowski technique 10) . The mice were killed by cervical dislocation on dg3. Immediately after killing, the embryos were flushed from the uterus with Hanks' solution. These embryos were then examined under a dissecting microscope and classified as normal or degenerated embryos according to the criteria of von Weymarn et al. 14) . Embryos with uniformly dull cytoplasm, different cell sizes or empty zonae pellucidae were classified as degenerated embryos.
The embryos were collected on dg3 and incubated in 1% sodium citrate for 10-12 min at room temperature, then transferred using a micropipette onto glass slide. Fixative (3:1 mixture of absolute methanol and glacial acetic acid) was added dropwise until the embryos rose, broke, and spread on the glass slide as observed under a dissecting microscope (LEICA GZ6). Slides were dried at room temperature and then stained either with DAPI or Giemsa.
DAPI staining: DAPI (4,6-diamidino-2-phenylindoldihydrochloride) staining of the slides were achieved by using the product of VECTASHIELD Mounting Medium with DAPI (Vector H-1200, USA). The staining procedure was as follows: mounted blastocysts on the slides, dispensed one small drop (approximately 25 ul) of VECTASHIELD Mounting Medium onto the blastocyst, and then, covered and allowed VECTASHIELD Mounting Medium to disperse over the entire section. The preparations were evaluated at once after staining by using fluorescent microscopy (LEICA MPS60). Main nucleus and MN showed bright blue against light blue-dark background when viewed with a blue filter (excitation 470 nm). MN per embryo was scored with a magnification of +1,000.
Giemsa staining: After DAPI staining, the slides were destained by washing with PBS (Phosphate Buffer Solution), and then air dried and restained with Giemsa. Using 7% buffered solution of Giemsa for 10 min performed Giemsa staining. After staining, slides were washed and air-dried and evaluated. MN per embryo were scored with a magnification of +1,000; Main nucleus and MN showed dark blue against light blue cytoplasm. We scored the number of MN in same slides by two staining method, and calculated the sensitivity and specificity of Giemsa staining in comparison to the DAPI staining.
The slides from the same embryo were prepared to compare the staining method. The slides were stained with DAPI then were rinsed with the buffer and restained with Giemsa. The present study included two staining procedures. The assay involved a double dose chlorpyrifos-treated and control mice including about 150 embryos in each group, and MN frequencies was scored using both staining. The following criteria, suggested by Titenko-Holland et al. 3) , were used for MN detection: 1) MN were counted only if they were one-third or less the diameter of the main nucleus, 2) Fluorescence intensity per unit area of scorable MN was either equal in intensity or slightly more or less intense than that of the main nuclei, 3) Only MN that were distinctly separate from the main nuclei were scored, 4) All questionable MN were excluded from the analysis.
The sensitivity, specificity, predictive value and crude agreement of Giemsa staining were calculated for each group. Table 1 shows the diagnostic test validity evaluation method. The calculation methods were described as below: we take DAPI staining as "Gold standard", then compare the Giemsa staining with the "Gold standard". Sensitivity = a / (a+c); Specificity= d / (b+d); Positive predictive value= a / (a+b); Negative predictive value= d / (c+d); Crude agreement= (a+d) / N 15) . Data were analysed using a Mann-Whitney U test. Correlation analysis was performed using Spearman's rank correlation. Comparisons were made at the significance level of 0.05 (two sides). All statistical analyses were conducted using the StatView Version 5.0 (Abacus, Concept, Berkley, CA, USA). Table 2 shows two staining methods in MN in preimplantation mouse embryos after maternal treatment with Chlorpyrifos. No any statistically significant difference in MN frequency existed between conventional Giemsa staining and DNA-specific DAPI staining in all three groups. We found all the indicators of frequency of MN detected by conventional Giemsa staining showed the similar dose-related increase tendency with DAPI technique (Table 2) .
Both Giemsa staining and DAPI staining methods showed a significant positive correlation between the dose of chlorpyrifos and the frequency of MN/embryo (r = 0.43, p = 0.007; r = 0.39, p = 0.01, respectively). The application of the two staining methods on the same subject revealed similar results. Table 3 shows the reliability and predictive values of Giemsa Staining in the MN detection. Compared with DAPI staining, the sensitivity of Giemsa staining was 85.0%, 86.0% and 90.9% for control, 40 mg/kg, and 80 mg/kg chlorpyrifos treated group, respectively. The specificity was 97.9%, 91.4% and 96.5% for control, 40 mg/kg, and 80 mg/kg chlorpyrifos treated group, respectively. Positive and negative predictive values were 85% and 97.9% for control, 84.3% and 92.4% for 40mg/kg, and 90.9 and 96.5 for 80mg/kg chlorpyrifos treated group, respectively. MN frequency was compared using conventional Giemsa and DNA-specific DAPI staining in the same subjects in preimplantation mouse embryo after maternal treatment with chlorpyrifos. Chlorpyrifos induced a significant dosedependent increase in MN frequency. The frequency of MN detected by conventional Giemsa technique showed a similar dose-dependent increase with DAPI staining. The findings of this study demonstrated that no statistically significant difference in MN frequency existed between conventional Giemsa staining and DNA-specific DAPI staining in all three groups. The application of Giemsa staining in MN detection reveals high sensitivity and specificity. It is evident that conventional Giemsa technique was as accurate as DAPI staining in MN detection in preimplantation mouse embryos.
Almost all of studies on mouse preimplantation embryos have employed Giemsa-based staining techniques. The Giemsa method, however, was thought to have some disadvantages. It was reported that Giemsa staining led to an underestimation of MN in human lymphocytes 8) , in mouse bone marrow 9) and in mouse preiphpheral blood erythrocytes 15) or lymphocytes 7) compared with DNA specific staining DAPI or Acridine Orange (AO), due to small, light MN indistinguishable from the cytoplasmic background. There were also some reports suggesting that Giemsa staining may overestimate MN in rodent marrow cells compared to DNA specific staining because not only MN but also some micronucleus-like inclusions or contaminants were staining dark blue by Giemsa 10, 11) . In the present study Giemsa and DAPI staining were applied for the first time on preimplantation embryos as counterstaining. The findings of this study indicate that Giemsa staining method provides as reliable data as DAPI staining in detecting MN of preimplantation embryos. In our opinion, those under-scoring or over-scoring of Giemsa slides maybe due partly to their different selection criteria for MN, and little attention paid to the difference of the color and focus between MN and main nuclei. We adhered to the criteria as described in the method. MN was counted only if they were either equal in intensity or in color to that of the main nuclei. In this study, we have found micronucleus-like granules in Giemsa, it was determined through adjusting focus by an experienced researcher. Because the MN showed the same intensity (focus) and color as the main nuclei, whereas micronucleuslike granules was not. Except MN, pycnotic nuclei, a type of cell death, was also identified in Giemsa staining as clearly as DAPI staining. Pycnotic nuclei were somewhat smaller, compact, and more intensely stained than normal nuclei of the same embryo (Fig. 1) .
Recently, the analysis of morphologic abnormalities, chromosome aberrations, and MN in preimplantation embryos has been used to assess the cytogenetic effects of maternal or paternal treatment with chemicals such as trichlorfon, 2-bromopropane, cyclophosphamide, cisplatinum, adriamycin, acrylamide and fast neutrons [1] [2] [3] [4] [5] [6] . However, few metaphases can be collected for cytogenetic analysis because of the relatively low number of cells to be found in mitosis in the early stages of development. Alternatively, MN analysis is well suited for studies of preimplantation embryos because it is not limited to the metaphase stage, compared with studies using chromosome aberrations 14) . Since MN analysis in preimplantation embryos is a good method for the evaluation of cytogenesis damage induced by occupational or environmental mutagen during early pregnancy, there has been a need to find a simple and informative method to detect MN in rodent preimplantation embryos. Our findings suggest that Giemsa technique is as reliable as DAPI staining in detecting MN of preimplantation embryos. Since Giemsa staining technique is cheaper and more accessible than DAPI staining, it is therefore desirable to use Giemsa staining as an alternative to DAPI. We recommend that Giemsa staining technique be a standard staining method in detecting MN of preimplantation embryos induced by occupational or environmental hazards if our findings are confirmed by further research. Such studies are underway in this laboratory.
